Background and objectives: Healthcare providers communicate the risks and benefits of treatments using frequencies, percentages, or proportions. However, many patients lack the numerical skills needed to interpret this information accurately to make informed choices.
N umeracy, also referred to as quantitative literacy, can be defined as the capacity to use and comprehend numbers in daily life (1, 2) . In the United States, an estimated 110 million adults lack the quantitative skills needed to complete more than simple, everyday activities (3) . Although deficient numeracy skills can coexist with deficient literacy skills, recent findings indicate that many patients have even poorer quantitative skills (1, 2) . Inadequate numeracy skills appear to be more prevalent in African American, Hispanic American, and elderly populations and may contribute to health disparities (3) (4) (5) . Numeracy may be particularly important in the setting of chronic kidney disease (CKD) given the disproportionate representation of populations with poor numeracy skills coupled with the integral role that advanced planning plays in optimal CKD care (e.g., pre-emptive transplantation or arteriovenous fistula [AVF] placement).
Health numeracy as defined by Golbeck, refers to the degree that individuals can apply numerical, graphical, and statistical skills to understand and act on "health information needed to make effective health decisions" (6) . Health numeracy can be classified into categories. A few nonexhaustive examples of these include simple number or quantity recognition (basic health numeracy), the ability to perform one-step manipulations on numbers or to understand proportions (computational health numeracy), the ability to make approximations and deductions (analytical health numeracy), and the ability to convert and meaningfully compare between percentages, proportions, and probabilities (statistical health numeracy) (6) . Analytical and statistical health numeracy require a higherlevel skill set than other categories of health numeracy.
Since healthcare providers often communicate with patients by using numerical information, deficient numeracy skills may be a barrier to care in patients with chronic health conditions. Deficient numeracy skills may limit patient involvement in the decision-making process or result in choices that are not in accordance with the patient's beliefs and values (7, 8) . Poorer patient involvement, understanding, or adherence to the medical regimen may contribute to suboptimal outcomes (1,9 -11) .
There are few data characterizing numeracy skills in the CKD and end-stage renal disease (ESRD) populations (11) . Yet, these patients regularly interact with the healthcare system due to their frequent coexisting comorbidities and the systemic manifestations of kidney disease. Additionally, many interventions that can significantly improve survival and quality of life in ESRD or advanced CKD are invasive and require weighing risks and benefits (e.g., kidney transplantation and AVF placement). Recent evidence suggests that patients with kidney disease who lack adequate health literacy skills may be disadvantaged by inferior access to kidney transplantation (12) . This may play a role in the well-documented disparities in transplantation rates among African Americans, women, and those of lower socioeconomic status (12) (13) (14) (15) (16) . Preliminary findings also suggest that numeracy deficits may be prevalent in the kidney transplant population (17) .
Characterization of the relationship between numeracy and cognitive function in the setting of CKD may improve our understanding of factors that contribute to numeracy. While multiple studies have documented the presence of cognitive deficits in CKD and ESRD (18 -21) and previous findings in patients with hypertension and congestive heart failure have established an association between cognitive performance and health literacy (22, 23) , there is a gap in our understanding of cognitive performance and numeracy. In this report, we describe the numeracy skills of an outpatient cohort of ESRD and stage 4 to 5 CKD patients assessed using a measure of analytical and statistical numeracy. We also explore the sociodemographic characteristics associated with numeracy. Second, we examine the relationship between patient numeracy and kidney disease-specific healthcare utilization. Third, we explore the association of numeracy with cognitive function.
Materials and Methods

Study Setting and Design
As part of a previously described (24, 25) larger prospective cohort study investigating memory, sleep, and quality of life in adult, Englishspeaking patients with advanced CKD, we approached patients during their routine CKD clinic visit, dialysis clinic visit, or their initial evaluation at a kidney transplantation clinic between March 2004 and October 2007. Exclusion criteria included extremes of age and active, severe medical or psychiatric illness as has been previously described (24, 25) .
As of October 2007, 269 patients provided written informed consent. Of these, 23 either met exclusion criteria or withdrew consent and 54 did not complete the cognitive assessment for the following reasons: 46 because of time constraints or loss of interest, four due to kidney transplantation before protocol initiation, three due to patient death, and one because of inability to tolerate polysomnography as required for the parent study. Of the remaining 192 patients, five had missing numeracy test data and were excluded from our analysis. The University of Pittsburgh Institutional Review Board approved this study.
The baseline data collection session included a brief standardized health interview and questionnaire, assessment of current medication use, and BP and anthropometric measurements. Age, sex, race, education, and employment status were self-reported. We obtained a history of physician-diagnosed medical illnesses, previous surgical treatments, or medical procedures from the health interview. Additionally, we abstracted standard serum laboratory tests, current and previous hemodialysis access, and current and previous kidney transplantation status from the medical record.
Health Access Utilization
Dialysis modality was categorized as hemodialysis (HD) or peritoneal dialysis (PD). Vascular access was categorized as an AVF/arteriovenous graft (AVG) or dialysis catheter in patients actively receiving HD treatment. To examine patient medical decision-making, study participants with any history of an AVF/AVG placement were given credit for an AVF/AVG regardless of its current functional status, because functional status may be related to factors out of the patient's control. Kidney transplant utilization was categorized as active/transplanted or inactive. To examine patient medical decision-making, participants were classified as active/transplanted if they had a prior kidney transplant, regardless of its functional status, or had received a new kidney transplant after study enrollment, or were active on the University of Pittsburgh's kidney transplant waiting list at any point after study enrollment. Active status on the kidney transplant waiting list was determined by local transplant center medical record abstraction and included an assessment of wait list status at least 1 year following the patient enrollment date. Duration of follow-up was calculated as the number of elapsed days from the date of study enrollment to the last assessment of kidney transplant wait list status.
Measures of Numeracy and Cognitive Function
Numeracy was assessed using a validated three-question instrument (26) . The three items were: (1) the number of expected heads in 1000 coin flips; (2) to convert from a percentage (1%) to a proportion ('_ in 1000Ј); and (3) to convert a proportion (1 in 1000) to a percentage ('_%'). The score is the total number of correct responses. This instrument and modified versions have been widely used in prior studies assessing numeracy skills (9,26 -28) .
Concomitant with the numeracy assessment, participants completed a neuropsychological examination with a battery of measures selected because they have been established as reliable and valid measures of the domains that they assess and, in particular, sensitive to deficits typically found in middle-aged to older adults with chronic illnesses (29) . This examination was conducted by a trained research coordinator at a time when the participant felt they were at their best. This cognitive assessment was typically performed in the morning of a nondialysis day at the patient's home. 
Statistical Analysis
Baseline demographics, comorbidities, laboratory values, and cognitive measures were described using means and SD for continuous variables and percentages for categorical variables. Univariate relationships between numeracy scores and baseline demographic, clinical, and laboratory variables were assessed using ANOVA for continuous variables and the 2 statistic or Fisher exact test for categorical variables. We used an ordinal logistic regression model to identify demographic and clinical factors independently associated with numeracy. Model selection included major demographic variables and those variables found to have a relationship (P Ͻ 0.10) in univariate analysis. With the major demographic factors forced into the model, we then used an iterative backwards selection process examining P values to derive a parsimonious model. The final model included age, sex, race, education, working status, diabetes, and hemoglobin. The unadjusted association between numeracy and health access utilization variables was assessed using the 2 statistic or Fisher exact test. We examined adjusted associations between clinical variables and kidney transplant utilization using a logistic regression model. Model selection followed the above outlined stepwise criteria. The final model included age, sex, race, numeracy score, and duration of study follow-up. The association between cognitive measures and numeracy was assessed using ANOVA and Pearson correlation coefficients. For all analyses, P values Ͻ0.05 were considered significant. Analyses were performed using SAS (version 8.1; SAS Institute, Cary, NC).
Results
Baseline Characteristics
The associations of participant demographic and baseline clinical characteristics with numeracy are shown in Table 1 . More than half the participants answered one or fewer numeracy questions correctly, and less than 20% of the sample answered all three items correctly. Participant age was not associated with numeracy. Women, African Americans, and the unemployed had significantly lower numeracy than their counterparts. Participants without a 12th grade education also tended to have lower numeracy, although this difference was not statistically significant. Patients with nondialysis-dependent CKD and ESRD demonstrated similar numeracy. Higher hemoglobin and albumin levels were both associated with higher numeracy. Among nondialysis-dependent CKD patients, a higher estimated GFR was associated with higher numeracy. Among ESRD patients, a shorter dialysis vintage tended to be associated with higher numeracy, although this did not achieve statistical significance.
All HD patients either had a Kt/V Ͼ 1.2 or a urea reduction ratio Ͼ65%, and neither of these were associated with numeracy (data not shown). Patients on PD versus HD did not differ in numeracy (data not shown). Thirty-eight patients had assessments pre-and approximately 6 months post-kidney transplant; numeracy was unchanged in these patients (data not shown). The 82 patients who were not included in this report were similar in age, sex, and race to the study participants. However, patients excluded from the study were more likely to be on HD (63% versus 46%, respectively) and less likely to have CKD stage 4 to 5 (18% versus 40%, P ϭ 0.002).
Independent Associations with Numeracy
In the adjusted ordinal logistic regression model shown in Table 2 , African-American race, less than a 12th grade education, nonstudent/unemployed work status, and lower hemoglobin were associated with lower numeracy. We tested for significant interactions between education and race as well as education and sex, however neither interaction was independently associated with numeracy, and their inclusion did not affect the model.
Healthcare Use
The relationship of numeracy to CKD-specific healthcare use is shown in Table 3 . Numeracy was not associated with dialysis modality or HD access. However, higher numeracy was associated with kidney transplantation or active status on the wait list (P ϭ 0.01). After adjusting for age, sex, race, and duration of follow-up, this relationship remained significant as shown in Table 4 . Excluding study patients enrolled primarily at their initial kidney transplant evaluation and patients with early stage 4 CKD (documented eGFR Ͼ20 ml/min per 1.73 m 2 ) strengthened the association between numeracy and kidney transplant status (n ϭ 83, odds ratio [OR] 1.89, 95% confidence interval [CI] 1.10 to 3.25). However, in the subset of patients with an eGFR Ͻ20 ml/min per 1.73 m 2 and recruited primarily at their initial kidney transplant evaluation, numeracy was not independently associated with transplant utilization (n ϭ 75, OR 1.13, 95% CI 0.56 to 2.25).
Cognitive Function
Cognitive performance and numeracy associations are displayed in Table 5 . Global mental status (as assessed by the 3MSE), intelligence (as assessed by WASI), and language (as assessed by the COWA) were each associated with numeracy (P Ͻ 0.0001 for each). Higher scores (indicating better performance) on each of these cognitive measures correlated with higher numeracy scores. Visual-spatial constructional abilities as assessed by CLOX-1 and CLOX-2 did not exhibit statistically reliable associations with numeracy (P ϭ 0.06 and P ϭ 0.08, respectively).
Discussion
The majority of patients with advanced CKD or ESRD exhibited low numeracy as assessed by a three-item numeracy measure. Over 50% of our kidney disease sample answered one or fewer of the three numeracy questions correctly. This suggests that the presence of low numeracy skills in the CKD and ESRD populations is quite common (and our findings may underestimate the true prevalence of low numeracy within the kidney disease population, as patients with severe comorbidities were excluded). African-American race, less than a 12th grade education, nonstudent/unemployed status, and lower hemoglobin were independently associated with lower numeracy. Nevertheless, even after controlling for these correlates of numeracy, greater numeracy was independently associated with receipt of a kidney transplant or active wait list status. Numeracy also significantly correlated with cognitive measures of global mental status, intellectual functioning, and language.
Our findings of widespread poor numeracy skills are consistent with Schwartz's findings in a sample of approximately 300 middle-aged to elderly predominantly Caucasian women veterans, in which 58% of respondents answered one or fewer items correctly (26) . Other studies have reported comparable results (27, 36) . For example, one study examining consecutive adult patients presenting to emergency departments in Massachusetts found that 43% of participants answered zero to one (of four) numeracy questions correctly. Approximately 45% of women and 63% of African Americans answered zero to one question correctly (similar to our findings of 60% of women, 65% of African Americans) (36) . Additionally, studies using alternative measures of numeracy (e.g., Wide Range Achievement Test, 3rd edition) have documented widespread deficiencies, including nearly 70% of diabetics and general primary care patients with numeracy skills below the ninth grade level (1, 37, 38) . Furthermore, a nationally representative survey also documented significantly lower numeracy skills in the general United States population compared with other developed countries, as well as disparities in scores between Caucasians and African Americans/Hispanic Americans (39). Although our kidney disease sample demonstrated qualitatively similar numeracy deficiencies as previously reported general population samples, this should not provide false comfort to nephrologists. Together, these findings suggest that low numeracy is a very common problem for patients. However, the prevalence of low numeracy has important implications for CKD and ESRD patients. CKD and ESRD patients may not understand information presented using percentages and proportions; formats that are commonly used to communicate risks and benefits (4, 7, 8, 26) . Consequently, the potential for misguided interpretation and poor decision-making is significant. Given the frequency with which kidney disease patients make health-related decisions (e.g., daily medication adherence, daily dietary restriction adherence, thrice-weekly to daily dialysis treatment compliance, advanced care planning, etc.), the potential for numeracy to affect treatments and outcomes is substantial. To diminish the effects of inadequate patient numeracy, physicians should consider using visual aids to facilitate effective communication (4, 7, 40) and adhere to recent recommendations for conveying health risk information (7) .
The findings of low numeracy in CKD and ESRD patients are also qualitatively similar to those from a pilot study suggesting that kidney transplant patients may exhibit low to marginal numeracy skills (17) . Our study also complements the ESRD findings of Grubbs and colleagues who recently noted that approximately one-third of their dialysis patients exhibited inadequate health literacy (12) . The CKD and ESRD population appear to demonstrate numeracy deficits as well.
Our findings also confirm that numeracy deficits may be prevalent even among those with a high school or college education. Just as in the Schwartz study, more than 90% of our sample had at least a 12th grade education, highlighting the prevalence of numeracy deficiencies despite a high school education (26) . Our findings suggest that poor numeracy skills may be common even among educated CKD or ESRD patients. Healthcare providers should be aware of these deficiencies and avoid assuming that educated patients with kidney disease possess the requisite skills to understand numerical information. Our findings also suggest that numeracy skills may play a role in the kidney transplant process independent of factors known to influence kidney transplant access including age, sex, and race. While these findings are limited by the lack of documentation of patients' medical suitability for transplantation, these hypothesis generating results parallel recent findings that inadequate health literacy is associated with fewer referrals for kidney transplant evaluation (12) . Numeracy could affect a patient's transplant status if patients with poor numeracy skills: (1) fail to fully appreciate the morbidity and mortality benefits of kidney transplantation as communicated by their healthcare providers or (2) fail to understand the benefits and risks of kidney transplantation as explained in common media outlets and periodicals and therefore broach the topic with their physician less frequently. This may cause patients with lower numeracy to pursue or inquire about a kidney transplant workup less frequently. The independent association of numeracy with kidney transplantation was not present in patients recruited at their initial kidney transplant evaluation, suggesting that numeracy may be important in the earlier stages of the transplant process.
In addition to being a potential barrier to kidney transplant access, inadequate numeracy may also contribute to the documented race (14) , gender (13) , and socioeconomic (15) disparities in kidney transplantation. Analogous links between numeracy and racial disparities in glycemic control have been established (5) . Alternatively, physician bias regarding race, gender, education, socioeconomic status, or other confounding variables may result in the less frequent referral of patients with poor numeracy skills for transplant evaluation. Larger confirmatory studies that assess patient numeracy in advanced CKD and provide longitudinal follow-up along with documentation of the reason for nonactive transplant status are needed.
The association of global mental status, intellectual functioning, and language with numeracy is a novel finding in adult patients with chronic disease. To date, numeracy has not been associated with intelligence in adults (41) , and its correlation with other cognitive domains in adults with chronic illnesses has not been well explored. One of the strengths of the numeracy assessment used in this report is that it is brief and does not require a neuropsychologist to administer or interpret it. Previous studies have identified cognitive deficiencies in the CKD and ESRD population (18 -21) , and declining cognitive function has been implicated as a potential mediating factor of the lower health literacy documented among the elderly (22, 23) . Our study suggests a potential relationship between cognitive impairments and numeracy deficiencies in the CKD and ESRD population. The association between cognitive function and numeracy warrants further exploration to determine whether numeracy acts as one potential mediator of the poor outcomes associated with cognitive decline. Our findings should be interpreted in light of several limitations. First, we used a brief numeracy assessment that has been widely utilized in various forms (8,9,26 -28,41,42) . However, this measure tests analytical and statistical numeracy including the ability to convert between percentages and proportions, a task often considered to require more advanced numerical skills. The instrument did not directly assess patients' capacity to interpret and apply numerical health information accurately. Future studies in CKD patients should consider using an instrument that measures a more encompassing range of numerical skills to help better define barriers in healthcare providerpatient communication. Second, although the 82 patients who did not complete the study were demographically similar to study participants, their exclusion may have influenced our results. Third, we used local institutional medical records to ascertain patients' transplant waiting list status. While the local medical center is the largest kidney transplant provider in the region, patients may have been active on waiting lists at other transplant centers. However, this misclassification should bias toward finding no relationship between numeracy and kidney transplantation. Fourth, there are additional factors that contribute to kidney transplant utilization that were not controlled for in this study (e.g., insurance status and comorbid illnesses). Although, patients with active severe comorbidities such as unstable angina were excluded from the study, we did not ascertain whether study participants were medically eligible for transplantation. Similarly, patients with poor numeracy may not have been considered for transplants due to deficits in cognitive function rather than numeracy per se. Finally, we excluded patients with severe comorbid illnesses who are likely to interact frequently with healthcare providers while making major decisions regarding care. However, we do not believe that CKD and ESRD patients with more severe comorbidities are likely to demonstrate significantly better numeracy skills than the studied sample.
Conclusion
Poor numeracy skills are common in the ESRD and advanced CKD population. While African Americans, those without a high-school education, and the unemployed may have a higher prevalence of deficient numeracy skills, all patient subgroups are substantially affected. Lower numeracy was associated with decreased kidney transplantation or active wait list status independent of age, sex, or race. Renal providers should consider using well-designed visual aids to enhance patient communication, especially when discussing important health decisions including transplantation. Further studies are necessary to reveal whether numeracy deficits may contribute to documented transplant disparities and whether well-designed patient communication aides can improve transplant access.
